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Abstract:  Burn  and  tolMike  receptors  (TLR)  are  associated  with  innate  immune  system  activation,  but  the  impact  of 
burn  on  TLR-induced  inflammation  responses  by  circulating  leukocytes  is  unknown.  To  study  this,  C57BL/6  mice 
were  subjected  to  burn  (3rd  degree,  25%  TBSA)  or  sham  procedure  and  1-7  days  later  blood  was  collected.  Whole 
blood  cell  suspensions  were  incubated  for  24  hr  in  the  presence  of  zymosan  (TLR-2  agonist)  or  LPS  (TLR-4  agonist). 
The  blood  cultures  were  responsive  to  TLR2  and  TLR4-mediated  activation,  resulting  in  the  production  of  IL-6,  IL-10, 
IL-17,  TNF-a,  MIP-la,  MIP-ip,  KC  and  RANTES.  TLR2-induced  KC  and  MIP-ip  production  was  greater  in  the  burn 
group  at  3-7  days  post-injury,  whereas  IL-6,  IL-10,  KC  and  MIP-ip  were  greater  for  TLR4-induced  activation  after  burn. 
In  conclusion,  circulating  leukocytes  were  responsive  to  TLR-induced  activation  and  TLR-mediated  inflammatory  re¬ 
sponses  were  enhanced  3-7  days  post-injury,  as  evidenced  by  increased  production  of  these  inflammatory  mediators. 
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Introduction 

Major  burn  is  associated  with  a  local  and  sys¬ 
temic  activation  of  the  innate  immune  system 
resulting  in  a  profound  inflammatory  response, 
immunosuppression  and  an  increased  suscepti¬ 
bility  to  subsequent  septic  complications  and 
multiple  organ  failure  [1-4].  The  causative  fac¬ 
tors  for  immune  dysfunction  appear  to  be  multi¬ 
ple  including  T-cell  dysfunction,  macrophage 
hyperactivation  and  prolonged  neutrophil  accu¬ 
mulation  [5]. 

Important  sensors  of  the  innate  immune  sys¬ 
tem,  are  pattern  recognition  receptors  (PRRs). 
These  receptors  detect  phylogenetically  con¬ 
served  molecular  patterns  found  in  a  wide 
range  of  microorganisms  [6].  Of  these  PRRs,  toll 
-like  receptors  (TLRs)  are  the  most  studied  [7]. 
TLRs  are  type  I  transmembrane  proteins  with  an 
extracellular  domain  containing  leucine-rich 
repeats  and  cytoplasmic  Toll/IL-1  receptor  do¬ 
main.  TLRs  are  expressed  mainly  by  immune 
cells,  including  peripheral  blood  leukocytes. 
Currently,  10  human  and  12  murine  TLRs  have 
been  characterized.  Among  them,  TLR2  recog¬ 
nizes  multiple  components  in  Gram-positive 


bacteria  and  TLR4  is  predominantly  activated  by 
LPS.  TLR  activation  induces  a  complex  signaling 
cascade  that  leads  to  the  induction  of  inflam¬ 
matory  genes,  resulting  in  the  production  of 
chemokines  and  cytokines  and  other  inflamma¬ 
tory  events  [8,  9]. 

Experimental  models  of  burn  have  shown  en¬ 
hanced  TLR-mediated  reactivity  in  the  spleen 
[10],  microvasculature  vessels  [11],  heart  [12] 
lung  [13]  and  intestines  [14],  supporting  the 
concept  that  immunoinflammatory  responses 
after  burn  are  associated  with  post-injury  com¬ 
plications.  Previous  studies  have  shown  that 
responses  after  burn  differ  between  fixed-tissue 
immune  cells  and  circulating  immune  cells  [15]. 
In  the  current  study,  a  mouse  burn  model  was 
used  to  determine  how  injury  alters  responses 
by  circulating  leukocytes  to  well-defined  TLR2 
and  TLR4  agonists. 

Materials  and  methods 

Animals 

C57BL/6  male  mice  (18  to  22  gm;  8  to  10  wk, 
Charles  River  Laboratories,  Wilmington,  MA) 
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were  used  for  all  experiments.  The  mice  were 
allowed  to  acclimatize  in  the  animal  facility  for 
at  least  1  week  prior  to  experimentation.  Ani¬ 
mals  were  randomly  assigned  into  either  a  ther¬ 
mal  injury  group  or  a  sham  treatment  group  and 
for  the  3  different  time  points  of  the  experiment. 
The  experiments  in  this  study  were  approved  by 
the  Institutional  Animal  Care  and  Use  Commit¬ 
tee  of  the  University  of  Texas  Health  Science 
Center  at  San  Antonio,  and  were  performed  in 
accordance  with  the  National  Institutes  of 
Health  guidelines  for  the  care  and  handling  of 
laboratory  animals. 

Burn  procedure 

Mice  received  a  scald  burn  as  described  previ¬ 
ously  [16].  Briefly,  the  mice  were  anesthetized 
by  i.m.  injection  of  ketamine/xylazine,  and  the 
dorsal  surface  was  shaved.  The  anesthetized 
mouse  was  placed  in  a  custom  insulated  mold 
exposing  12.5%  of  their  total  body  surface  area 
(TBSA)  along  the  right  dorsum.  The  mold  was 
immersed  in  70°C  water  for  10  sec  to  produce 
a  3rd  degree  burn  [17,  18].  The  burn  procedure 
was  repeated  on  the  left  dorsum  yielding  a  total 
burn  size  of  25%  TBSA.  The  mice  were  then  re¬ 
suscitated  with  1  ml  of  Ringer's  lactate  solution 
administered  by  intraperitoneal  injection  and 
returned  to  their  cages.  The  cages  were  placed 
on  a  heating  pad  for  2  hr  until  the  mice  were 
fully  awake,  at  which  time  they  were  returned  to 
the  animal  facility.  Sham  treatment  consisted  of 
anesthesia,  dorsal  surface  shaving  and  resusci¬ 
tation  with  Ringer's  lactate  solution  only. 

Blood  collection  and  murine  whole  blood  assay 

At  1,  3  or  7  days  after  injury  heparinized  whole 
blood  was  collected  by  cardiac  puncture.  The 
whole  blood  stimulation  assay  used  with  human 
samples  [19]  was  modified  as  follows  for  use 
with  murine  blood.  In  brief,  heparinized  blood 
was  diluted  (1:3)  with  PBS  and  then  added  to  a 
96-well  tissue  culture  plate  (200  pl/well).  The 
diluted  blood  was  stimulated  with  either  zymo¬ 
san  (33  Mg/ml)  or  LPS  (10  ng/ml)  to  activate 
TLR2  or  TLR4,  respectively.  Zymosan  was  ob¬ 
tained  from  Sigma  Chemical  (Zymosan  A  from 
Saccharomyces  cerrevisiae)  and  LPS  was  ob¬ 
tained  from  Calbiochem  (Lipopolysaccharide, 
Ultra  Pure,  Salmonella  minnesota  R595).  These 
concentrations  were  determined  to  be  optimal 
for  the  induction  of  cytokine  production  in  pre¬ 
liminary  experiments  (data  not  shown).  The  re¬ 
sulting  whole  blood  cultures  were  incubated  for 


24  hrs  at  37 "C,  5%  CO2.  Cell-free  supernatants 
were  collected  and  stored  at  -80  °C  prior  to  cyto- 
kine/chemokine  determination. 

Cytokine  and  chemokine  determinations 

Cell  culture  supernatants  were  analyzed  for  cy- 
tokine/chemokine  levels  (IL-6,  IL-10,  IL-17,  TNF- 
cx,  KC,  MIP-la,  MIP-1J3  and  RANTES)  by  Bioplex 
according  to  the  manufacturer’s  recommenda¬ 
tions. 

Statistical  analysis 

Data  are  expressed  as  mean  +  SE.  Comparisons 
were  analyzed  using  ANOVA.  Student’s  t-test 
was  used  for  comparisons  between  2  groups 
and  Tukey’s  test  was  used  for  multiple  compari¬ 
sons.  Data  comparing  the  TLR2/TLR4  ratios 
were  log  transformed  prior  to  analysis  due  to 
the  lack  of  a  normal  distribution.  A  p-value  of  < 
0.05  was  considered  to  be  statistically  signifi¬ 
cant  for  all  analyses. 

Results 

Impact  of  burn  on  harvested  blood  volume 

There  were  no  animal  deaths  after  burn  or 
sham  procedures.  The  blood  volumes  obtained 
by  cardiac  puncture  are  shown  in  Table  1.  Burn 
did  not  significantly  alter  harvested  blood  vol¬ 
ume  as  compared  with  respective  sham  groups 
at  1  day  or  7  days  after  injury.  In  contrast,  the 
harvested  blood  volume  was  significantly  re¬ 
duced  (p<0.05)  by  approximately  12%  in  the 
burn  group  at  3  days  after  injury.  The  blood  vol¬ 
ume  harvested  at  3  days  after  injury  was  signifi¬ 
cantly  greater  (p<0.05)  than  that  harvested  at  1 
day  after  injury  in  the  sham  group. 


Table  1.  Harvested  blood  volume  (pi)  after 
burn  or  sham  procedure. 


Day  1 

Day  3 

Day  7 

Sham 

684  ±23a 

786  ± 12c 

735  ±  51 

Burn 

673  ±  27 

664  ±  50b 

743  ±  41 

aData  are  expressed  as  mean  ±  SE  for  4-10  mice/ 
group;  bp<0.05  as  compared  with  respective  sham 
group;  cp<0.05  as  compared  with  1  day  blood  har¬ 
vest 

TLR2-induced  responses  by  circulating 
leukocytes 

Whole  blood  cultures  were  prepared  at  1  day,  3 
days  and  7  days  after  injury  and  stimulated  with 
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Figure  1.  TLR2-induced  cyto¬ 
kine  production.  Whole  blood 
was  collected  from  mice  at  1,  3 
and  7  days  after  sham  proce¬ 
dure  or  burn  and  cultured  for 
24  hrs  with  the  TLR2  agonist, 
zymosan  as  described  in  the 
materials  and  methods.  Super¬ 
natants  were  assayed  for  IL-6 
[A],  IL-10  [B],  IL-17  [C]  and  TNF- 
a  [D]  by  Bioplex  assay.  Data  are 
the  mean  ±  SEM  for  n=4-10/ 
group,  f  p<0.05  as  compared 
with  day  1  values. 
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Figure  2.  TLR2-induced 
chemokine  production.  Whole 
blood  was  collected  from  mice 
at  1,  3  and  7  days  after  sham 
procedure  or  burn  and  cultured 
for  24  hrs  with  the  TLR2  ago¬ 
nist,  zymosan  as  described  in 
the  materials  and  methods. 
Supernatants  were  assayed  for 
KC  [A],  MIP-la  [B],  MIP-ip  [C] 
and  RANTES  [D]  by  Bioplex 
assay.  Data  are  the  mean  ± 
SEM  for  n=4-10/group.  * 

p<0.05  vs.  respective  sham 
group,  f  P<0.05  as  compared 
with  day  1  value,  t  p<0.05  as 
compared  with  day  1  and  day  7 
values. 


zymosan  to  invoke  TLR2-mediated  responses. 
The  results  in  Figure  1  show  the  cytokine  re¬ 
sponses  by  the  cultures  after  TLR2  activation. 
TLR2-induced  cytokine  production  was  not  dif¬ 
ferent  between  whole  blood  cultures  from  sham 
and  burn  mice  at  any  time  points  evaluated. 
However,  IL-6  production  increased  approxi¬ 
mately  4-fold  at  7  days  post-injury  as  compared 
with  day  1  values  (p<0.05). 

In  contrast  to  TLR2-induced  cytokine  produc¬ 
tion,  TLR2-induced  chemokine  responses  were 
altered  after  burn  injury  (Figure  2).  KC  produc¬ 
tion  was  significantly  elevated  at  1-3  days  after 
burn  as  compared  with  sham  values  (Figure  2A; 


p<0.05).  At  3  days  post-injury  values  were  maxi¬ 
mally  elevated  with  approximately  a  3-fold  in¬ 
crease  over  sham  values.  In  contrast,  MIP-la 
production  was  suppressed  at  1  day  after  injury 
as  compared  with  sham  values  (Figure  2B; 
p<0.05).  MIP-1[3  production  was  elevated  in  the 
burn  group  at  3-7  days  after  injury,  with  the  larg¬ 
est  difference  at  7  days  after  burn  (Figure  2C; 
p<0.05).  RANTES  production  was  not  different 
between  the  sham  and  burn  groups  (Figure  2D). 

TLR-4  induced  responses  by  circulating  leuko¬ 
cytes 

Whole  blood  cultures  were  prepared  as  de- 
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Figure  3.  TLR4-induced  cytokine 
production.  Whole  blood  was 
collected  from  mice  at  1,  3  and  7 
days  after  sham  procedure  or 
burn  and  cultured  for  24  hrs  with 
the  TLR4  agonist,  LPS  as  de¬ 
scribed  in  the  materials  and 
methods.  Supernatants  were 
assayed  for  IL-6  [A],  IL-10  [B],  IL- 
17  [C]  and  TNF-a  [D]  by  Bioplex 
assay.  Data  are  the  mean  ±  SEM 
for  n=4-10/group.  *  p<0.05  vs. 
respective  sham  group,  f 
p<0.05  as  compared  with  day  1 
value,  t  p<0.05  as  compared 
with  day  7  values. 


Figure  4.  TLR4-induced 
chemokine  production.  Whole 
blood  was  collected  from  mice  at 
1,  3  and  7  days  after  sham  pro¬ 
cedure  or  burn  and  cultured  for 
24  hrs  with  the  TLR4  agonist, 
LPS  as  described  in  the  materi¬ 
als  and  methods.  Supernatants 
were  assayed  for  KC  [A],  MIP-la 
[B],  MIP-ip  [C]  and  RANTES  [D] 
by  Bioplex  assay.  Data  are  the 
mean  ±  SEM  for  n=4- 10/group. 
*  p<0.05  vs.  respective  sham 
group,  f  p<0.05  as  compared 
with  day  1  value.  $  p<0.05  as 
compared  with  day  1  (panel  A 
and  B)  and  day  7  (panel  A)  val¬ 
ues. 


scribed  above,  but  stimulated  with  LPS  to  in¬ 
duce  TLR4-mediated  responses.  The  results  in 
Figure  3  show  the  cytokine  responses  by  the 
cultures  after  TLR4  activation.  A  significantly 
greater  (p<0.05)  production  of  IL-6  (Figure  3A) 
and  IL-10  (Figure  3B)  was  observed  in  the  burn 
group  as  compared  with  shams.  IL-6  responses 
were  elevated  at  7  days  post-injury,  whereas  IL- 
10  responses  were  increased  at  3  days  after 
injury.  Neither  IL-17  nor  TNF-a  production  was 
different  between  the  sham  and  burn  groups. 

TLR4  activation  with  LPS  induced  a  strong 
chemokine  response  (Figure  4).  KC  production 


was  significantly  elevated  at  1-7  days  after  burn 
as  compared  with  sham  values  (Figure  4A; 
p<0.05).  At  3  days  post-injury  values  were  maxi¬ 
mally  elevated  with  approximately  a  7-fold  in¬ 
crease  over  sham  values.  In  contrast,  MIP-la 
production  was  suppressed  at  1  day  after  injury 
as  compared  with  sham  values  (Figure  4B; 
p<0.05).  MIP-1[3  production  was  elevated  in  the 
burn  group  at  3-7  days  after  injury,  with  a  2-4 
fold  increase  over  sham  values  (Figure  4C; 
p<0.05).  Similar  to  TLR2-induced  responses, 
LPS  stimulated  RANTES  production  was  not  dif¬ 
ferent  between  the  sham  and  burn  groups 
(Figure  4D). 


139 


Int  J  Clin  Exp  Med  2012;5(2):136-144 


Burn  and  leukocyte  TLR  responses 


Table  2.  Ratio  of  TLR2/TLR4  cytokine  responses3 


Sham 

Burn 

Day  1 

Day  3 

Day  7 

Day  1 

Day  3 

Day7 

IL-6 

1.04±0.43b 

1.45±0.19 

0.84±0.11 

0.80±0.16 

0.84±0.23 

0.46±0.09c’d 

IL-10 

1.35±0.26 

2.05±0.30c 

1.59±0.10 

0.81±0.16 

1.09±0.23d 

1.53±0.19 

IL-17 

0.19±0.05c 

0.21±0.05c 

0.25±0.05c 

0.22±0.05c 

0.17±0.04c 

0.28±0.04c 

TNF-a 

1.12±0.25 

2.25±0.36c 

1.39±0.15 

0.72±0.11 

1.27±0.24d 

1.37±0.12 

aThe  ratio  of  the  TLR2  (zymosan)  cytokine  response  to  that  of  the  TLR4  (LPS)  response  was  determined  for  each  culture  as  an 
index  of  the  relative  TLR  response  for  each  cytokine.  A  ratio  of  1.0  indicates  comparable  TLR2  and  TLR4  responses;  a  ratio  <  1.0 
indicates  a  stronger  TLR4  response  and;  a  ratio  >  1.0  indicates  a  stronger  TLR-2  response.  All  data  was  log  transformed  prior  to 
analysis  due  to  non-normal  distribution;  bData  are  expressed  as  mean  ±  SE  for  4-10  mice/group;  cp<0.05  as  compared  with  1.0; 
bp<0.05  as  compared  with  respective  sham  value 


Table  3.  Ratio  of  TLR2/TLR4  chemokine  responses3. 


Sham 

Burn 

Day  1 

Day  3 

Day  7 

Day  1 

Day  3 

Day7 

KC 

1.19±0.11b 

1.76±0.17c 

1.60±0.23 

1.11±0.53 

1.15±0.18d 

1.08±0.08d 

MIP-la 

1.93±0.57 

2.66±0.44 

1.59±0.10 

2.47±0.43 

2.30±0.73 

0.97±0.08d 

MIP-ip 

1.19±0.22 

1.55±0.15 

1.44±0.17 

1.26±0.14 

1.37±0.30 

1.19±0.91 

RANTES 

0.23±0.03c 

0.30±0.0.5C 

0.26±0.0.5C 

0.30±0.07c 

0.30±0.11c 

0.21±0,04c 

aThe  ratio  of  the  TLR2  (zymosan)  chemokine  response  to  that  of  the  TLR4  (LPS)  response  was  determined  for  each  culture  as  an 
index  of  the  relative  TLR  response  for  each  cytokine.  A  ratio  of  1.0  indicates  comparable  TLR2  and  TLR4  responses;  a  ratio  <  1.0 
indicates  a  stronger  TLR4  response  and;  a  ratio  >  1.0  indicates  a  stronger  TLR2  response.  All  data  was  log  transformed  prior  to 
analysis  due  to  non-normal  distribution;  bData  are  expressed  as  mean  ±  SE  for  4-10  mice/group;  cp<0.05  as  compared  with  1.0; 
dp<0.05  as  compared  with  respective  sham  value 


Comparison  of  TLR2  and  TLR4  responses  by 
circulating  leukocytes 

In  order  to  evaluate  the  relative  strength  of  the 
TLR2  and  TLR4  responses,  the  ratio  of  the  TLR2 
response  to  that  of  the  TLR4  response  was  de¬ 
termined  for  cytokine  and  chemokine  produc¬ 
tion.  The  data  in  Table  2  shows  the  response  for 
cytokines.  A  shift  towards  a  stronger  TLR-4  re¬ 
sponse  after  burn  was  observed  as  evidenced 
by  the  significant  (P<0.05)  decrease  in  the 
TLR2/TLR4  ratio  for  IL-6  at  day  7  and  the  de¬ 
creased  ratio  for  IL-10  and  TNF-a  at  day  3  in  the 
burn  group  as  compared  with  shams.  In  con¬ 
trast,  TLR2/TLR4  ratios  for  IL-17  were  similar 
for  burn  and  sham  cultures  and  primarily  in¬ 
duced  by  TLR4  activation  with  ratio  values  that 
were  significantly  (p<0.05)  lower  than  1.0,  irre¬ 
spective  of  the  time  post-injury. 

Chemokine  responses  (Table  3)  also  showed  a 
shift  towards  stronger  TLR4  responses  after 
burn  as  demonstrated  by  the  significantly 
(p<0.05)  lower  ratio  values  for  KC  and  MIP-la 
at  3-7  days  post-injury  than  those  observed  in 
shams.  Responses  for  M IP-ip  were  comparable 
for  TLR2  and  TLR4,  whereas  RANTES  responses 


were  primarily  TLR4  driven.  MIP-ip  and  RANTES 
ratios  were  unchanged  after  burn. 

Discussion 

The  field  of  innate  immunity  has  been  signifi¬ 
cantly  rewritten  since  the  discovery  of  mammal¬ 
ian  TLRs,  a  family  of  pattern-recognition  recep¬ 
tors  (PRRs).  TLRs  have  been  implicated  in  im- 
munoregulation  in  a  wide  range  of  disease 
states  including  atherosclerosis,  allergies,  auto¬ 
immunity,  burn  and  sepsis  [20].  Because  TLRs 
recognize  pathogen  associated  conserved  mole¬ 
cules  shared  among  members  of  a  particular 
class  of  microbes  (e.g.,  LPS  from  Gram-negative 
pathogens  and  ssRNA  from  RNA  viruses),  a  wide 
range  of  pathogens  can  be  recognized  by  a 
small  group  of  receptors  [21],  Studies  also  indi¬ 
cate  that  TLRs  can  regulate  responses  to  en¬ 
dogenous  stimuli,  such  as  necrotic  cells,  heat- 
shock  proteins  and  extracellular  matrix  break¬ 
down  products,  these  stimuli  have  come  to  be 
known  as  “alarmins”  or  damage  associated  mo¬ 
lecular  patterns  (DAMPs).  In  this  regard,  ne¬ 
crotic  cell  death  may  be  a  primary  cytotoxic 
mechanism  following  tissue  injury.  Necrotic  cells 
can  release  their  intracellular  contents,  which 
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might  contribute  to  inflammation  following  injury 
[22].  Matzinger  has  proposed  a  concept  involv¬ 
ing  danger  signaling  [23].  In  the  Matzinger 
model,  initiation  of  the  immunoinflammatory 
response  is  the  result  of  the  recognition  of  mo¬ 
lecular  patterns  by  cellular  receptors  in  re¬ 
sponse  to  molecular  patterns  that  can  be  asso¬ 
ciated  with  either  pathogens  or  specific  normal 
cellular  components  released  by  damaged  cells. 
This  concept  reconciles  the  paradox  of  the  im¬ 
munoinflammatory  response  in  sterile  and  non- 
sterile  conditions.  Iwasaki  and  Medzhithov  have 
discussed  that  exogenous  TLR  agonists 
(pathogen  associated  molecular  patterns, 
PAMPS)  activate  genes  involved  in  inflamma¬ 
tion,  tissue  repair  and  adaptive  immune  re¬ 
sponse.  In  contrast,  endogenous  TLR  ligands 
(DAMPS)  only  activate  genes  involved  in  inflam¬ 
mation  and  tissue  repair  [24].  DAMPS  associ¬ 
ated  with  TLR  activation  include  HMGB1,  com¬ 
ponents  of  the  extracellular  matrix  (hyaluronic 
acid  and  heparin  sulfate),  and  heat  shock  pro¬ 
teins  (HSP60  and  HSP72)  [25],  All  these  DAMPS 
are  associated  with  cellular  injury  or  stress  re¬ 
sponses  common  to  burn.  Recent  findings  by 
Zhang  et  al.  [26]  have  also  shown  that  injury 
releases  mitochondrial  DAMPs  into  the  circula¬ 
tion  that  can  activate  neutrophils  through  TLRs 
and  elicit  neutrophil-mediated  organ  injury.  Due 
to  the  nature  of  burns  extensive  tissue  damage 
and  tissue  necrosis,  rather  than  apoptosis,  is 
commonplace.  Thus,  burn  provides  a  fertile  en¬ 
vironment  for  the  activation  of  the  immunoin¬ 
flammatory  response  by  DAMPs  via  TLR  activa¬ 
tion. 

Activation  of  an  inflammatory  cascade  after 
burn  injury  is  important  in  the  development  of 
subsequent  immune  dysfunction.  In  this  regard, 
previous  findings  have  shown  that  macrophage 
productive  capacity  for  these  mediators  is  mark¬ 
edly  enhanced  after  burn  and  thereby  contribut¬ 
ing  to  immune  dysfunction  [27].  Our  study 
shows  that  the  TLR2  and  TLR4-mediated  inflam¬ 
matory  responses  by  circulating  leukocytes  after 
burn  occurs  primarily  at  3-7  days  post-injury,  as 
evidenced  by  the  significantly  increased  produc¬ 
tion  of  IL-6,  IL-10,  KC  and  MIP-1J3.  IL-6,  in  gen¬ 
eral,  is  considered  a  marker  of  injury  severity 
and  levels  correlate  with  burn  severity  in  both 
animal  models  and  humans  [28,  29].  In  addi¬ 
tion,  elevated  levels  of  IL-6  early  after  sepsis  (6 
hrs)  are  predictive  of  death  [30],  In  contrast,  IL- 
10  is  counter-inflammatory  and  has  been 
shown  to  be  important  in  the  down  regulation  of 


inflammation  after  injury  [31,  32].  While  the 
current  study  and  most  of  these  referenced 
studies  involve  mice,  rather  than  human  sub¬ 
jects,  studies  by  Finnerty  et  al,  have  validated 
the  applicability  of  the  mouse  model  of  burn  in 
terms  of  its  similarity  in  magnitude  and  duration 
of  the  inflammatory  response  to  that  seen  in 
humans  [33,  34], 

Cairns  et  al,  have  also  shown  that  mouse 
splenocytes  activated  by  TLR2  and  TLR4  ligands 
14  days  after  burn  resulted  in  an  increased  in¬ 
flammatory  response  [35].  Similarly,  Paterson  et 
al  have  also  shown  increased  splenocyte  TLR 
responses  up  to  7  days  post-burn  [36].  Recent 
findings  from  our  laboratory  have  shown  a 
marked  increase  in  TLR  expression  on  circulat¬ 
ing  y5  T-cells,  but  early  (i.e.,  24  hr)  after  burn 

[37] .  Our  findings  here  extend  those  of  other 
investigators  by  examining  the  impact  of  burn 
on  TLR  reactivity  in  the  circulating  immune  cells, 
rather  than  in  fixed  tissues.  Our  previous  find¬ 
ings  have  shown  that  the  post-burn  immune 
derangements  differ  between  fixed  tissues  (ie, 
spleen)  and  circulating  immune  cells,  indicating 
the  importance  of  examining  multiple  tissues 

[38] .  Blood  also  represents  the  tissue  that  is 
predominately  studied  in  humans,  therefore 
understanding  the  responses  in  this  tissue  com¬ 
partment  is  paramount  in  applying  findings  be¬ 
tween  animal  models  and  the  human  condition. 
Moreover,  our  study  examined  a  much  wider 
array  of  cytokines  and  chemokines  than  the 
previously  cited  studies  and  showed  that  the 
burn-induced  enhancements  in  TLR  responses 
were  specific  for  given  cytokines  rather  than 
global  in  nature. 

In  general,  the  current  study  demonstrates  a 
stronger  shift  towards  enhanced  TLR4  re¬ 
sponses,  rather  than  TLR2  responses  after 
burn.  Moreover,  these  responses  were  delayed 
till  3-7  days  post-injury.  Previous  studies  have 
shown,  primarily  via  LPS-induced  activation,  that 
TLR4  responses  are  enhanced  after  burn,  but 
are  not  immediate  [39,  40].  The  enhanced  TLR4 
reactivity  after  burn  is  mediated,  at  least  in  part, 
by  enhanced  activation  of  the  p38  signaling 
pathway  [41,  42].  The  mechanism  for  the  en¬ 
hanced  TLR2  responses  is  unknown,  but  may 
also  be  related  to  the  p38  signaling  pathway 
[43], 

The  current  study  did  not  examine  TLR  expres¬ 
sion  on  the  circulating  leukocytes,  however;  we 
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have  previously  shown  upregulation  of  TLR2 
and  TLR4  expression  on  circulating  y5  T-cells, 
but  not  exp  T-cells  early  after  burn  [44].  Nonethe¬ 
less,  while  the  regulation  of  TLR  expression  is 
not  clearly  understood  [45],  under  “normal  con¬ 
ditions”,  TLR  expression  is  most  likely  limited  to 
avoid  excessive  activation.  In  this  regard,  stud¬ 
ies  have  shown  that  TLR  expression  is  tran¬ 
siently  upregulated  on  monocytes  in  response 
to  LPS  or  TNF-a  [46,  47].  Whether  burn  induces 
a  dysregulated  expression  of  TLRs  by  circulating 
leukocytes  which  contributes  to  the  enhanced 
response  to  TLR  agonists  remains  to  be  deter¬ 
mined. 

In  conclusion,  our  findings  show  that  at  3-7days 
post-burn  TLR  responses  are  enhanced  in  circu¬ 
lating  leukocytes.  This  TLR  hyper¬ 
responsiveness  likely  contributes  to  inflamma¬ 
tory  complications  after  burn.  An  improved  un¬ 
derstanding  of  how  injury  modulates  innate  im¬ 
mune  responses  will  reveal  new  insights  into 
ways  in  which  normal  immune  function  could  be 
restored  after  critical  injury. 
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